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ABSTRACT

EZ-StepsTM is a device that fits into an existing stairwell which

Purpose:

decreases the height, or rise, of each step by half.

The purpose of this study

was to determine if there is a difference in lower extremity muscle activity and
knee joint range of motion (ROM) during stair climbing with and without the use
of EZ-StepsTM in an elderly population.

Methods:

Eight healthy, elderly (aged

65-89 years) male and female subjects volunteered for the study.

Surface

electromyography (sEMG) was used to assess muscle activity in four lower
extremity muscles during stair climbing standard steps and steps installed with
EZ-StepsTM.

The four muscles assessed were the gluteus maximus, biceps

femoris, rectus femoris, and the medial head of the gastrocnemius. An
electrogoniometer was used to measure knee joint ROM and foot-switches were
used to detect foot placement on the step. The EMG, electrogoniometric-and
foot-switch data were telemetried to a Noraxon Telemy08 receiver and digitized
by a NET 486DX computer. The data was then stored in the computer using the
Myosoft data collection software that accompanies the system. Analysis of the
data was performed using the Norquest software that is included with the
system.

To normalize the data, the EMG information for each of the four

muscles was expressed as a percentage of that muscle's maximal voluntary
ix

contraction (MVC). Descriptive statistics were used to compare muscle activity
between negotiation of standard and EZ-StepsTM, and knee joint ROM between
the two stair types.

Results:

The results showed that there was less lower

extremity muscle activity and less knee joint ROM during stair ascension and
descension with the EZ-StepsTM installed. Conclusions: EZ-StepsTM may be
beneficial for elderly individuals who have difficulty with stair climbing activities.

x

INTRODUCTION
Chapter 1

Research has established that stairs pose an architectural barrier for the
elderly population. 1-1o Elderly subjects walked slower on stairs than on level
ground and moved slower overall than their younger counterparts in a study
conducted by Williams and Bird. 1 Granger et al 2 reported that stair climbing was
among the most difficult motor tasks for elderly patients when assessed using
3

the Functional Independence Measure (FIM). Imms and Edholm studied 71
elderly (60-99 years) volunteers. Some lived independently and others resided
in various institutions. The subjects were organized into three groups: 1.)
homebound, 2.) limited activity and 3.) unlimited activity. They found that 100
percent of the homebound subjects reported difficulty with stairs, whereas 23
percent of the unlimited activity group reported stair climbing difficulties.
Disease processes and injuries compound the problems elderly people
experience with stair climbing.5-9 Wright 10 studied mobility in arthritic, elderly
patients and reported that two-thirds of these patients were not able to climb
stairs unaided and one-fourth could not maneuver steps even with assistance.
A study of the recovery of independence in 93 post-stroke patients found
that 75 patients could not independently negotiate stairs upon admittance.

1

6

By

2

discharge, 50 of the patients (66 percent) had not yet achieved independence in
stair climbing. Another study that focused on the daily functions following a
7

stroke indicated that stair climbing was one of the five most difficult tasks out of
twelve tested. Fifty-two percent of the men and 66 percent of the women studied
were not able to negotiate stairs independently three months post-stroke. One
year post-stroke, 45 percent of the men were still not able to climb stairs while
the percentage of females unable to navigate stairs increased to 71 percent.
Marottoli 8 et al studied physical functioning following hip fractures in 120
elderly individuals. Sixty-three percent of the subjects could climb one flight of
stairs independently prior to their fracture whereas only eight percent maintained
this ability six months post-fracture.

9

Stone et al assessed disability in elderly

patients on an acute medical ward. They reported that over half of the patients
were unable to climb stairs unaided at discharge. Lin and Rigbl developed a
self-reporting assessment tool to be used with cancer patients at an ambulatory
cancer referral center. Stair climbing was indicated as a problem in 16 to 25
percent of the respondents.
The implications of the available research suggest that stair climbing is a
difficult, if not impossible, task for many elderly people. Stair climbing is one
criteria patients must meet in order to be discharged from a health care facility.11
Discharge may be delayed until the patient achieves stair climbing abilities, even
though the person may be able to function well once inside the home. The
inability to navigate stairs may lead to a personal loss of independence and

3

functional abilities. If the person cannot access his or her home, they will not be
able to accomplish activities outside of the home, such as obtaining groceries.
Multi-leveled homes pose additional challenges, as the person with stair
climbing difficulties is limited to the ground floor. If essential facilities are
located in a basement or second story, they will not be accessible. The person
may not be able to function within their home, simply because of the
architectural barrier. Early placement of the individual into an extended care
facility may result. This is a costly consequence, both in terms of finances and
psychological well-being.
Stair climbing requires adequate lower extremity muscle strength to lift the
body over the stance leg and advance it to the next step.12-14 During stair
descension, enough strength is necessary to eccentrically control the downward
motion of the body.12-14 Brask conducted a study that compared lower extremity
electromyographic (EMG) activity during lateral step-ups of 4 and 8 inch steps.15
Normalized EMG activity for the rectus femoris showed a 7.1 percent decrease
in muscle activity during ascension and a 4.5 percent difference during
descension with the shorter step. There was a 3.8 percent difference in
normalized EMG activity of the biceps femoris upon ascending and a 2.1 percent
difference in descension between the two stair heights. This study
demonstrated that decreased step height is effective in reducing the amount of
muscle activity required to negotiate the stairs.

4

Researchers have demonstrated that an average of 73 to 103 degrees of
knee flexion is required during stair negotiations. 1o,16-19 Knee flexion occurs
during the swing phase of ascent which allows the foot to clear the step. During
descension, controlled knee flexion is used to lower the body to the next step.
The amount of knee flexion required to maneuver stairs is dependent upon the
height of the person, as well as the height and slope of the stairs. 17,18
Livingston 17 studied knee joint ROM during climbing activities of stairs with
differing heights and slopes. Subjects were divided into three groups according
to height. The 'short' group averaged 62.4 inches, the 'medium' height group
averaged 65.4 inches and the 'tall' group averaged 68.6 inches.

The results of

the Livingston study are shown in Table 1.

Table 1.

Knee Flexion Angles During Stair Negotiation of Steps With Different
Dimensions According to Subject Height (from Livingston 17)
Dimensions
(rise x tread)

Slope
(degrees)

Knee flexion - Ascent
(shortlmediumltall)

Knee flexion - Descent
(shortlmediumltall)

1

8.12 x 8.4 inches

45.0

105/101/96

102/93/93

2

8.12 x 12.2

33.7

102/101 /96

107/103/96

3

5.08 x 16.76

16.8

92/87/83

96/93/86

Stair

The results indicated that shorter subjects required the most ROM for all stair
climbing activities among all three groups. Less ROM was required for both
ascension and descension of the five inch step versus the eight inch step. More

5

ROM was required to ascend stairs with increasing slopes, however this trend
did not occur with descension. Shinno 18 demonstrated increasing knee flexion
angles with increased slope both during ascension and descension. A study of
stair types utilized by 225 elderly, hospitalized patients with various neurological
and orthopedic diagnoses determined the ideal stairs to have a maximum slope
of 30 degrees.

2o

Stair modifications that reduce the required amount of lower extremity
muscle activity and ROM should improve accessibility for the elderly population.
A small North Dakota corporation has developed a product, called EZ-StepsTM
that potentially possesses these characteristics.

EZ-StepsTM is a device that is

installed into an existing stairwell which decreases the rise, or height, of each
step by half (Figure 1). By decreasing the rise, and subsequently the slope, it is
believed that less muscle activity and ROM will be necessary for stair
negotiation. An unpublished study by T.M. Mohr, PT, PhD (1994) investigated
stair climbing with and without the use of EZ-StepsTM in a younger population
(aged 21 to 34 years). The results indicated that during ascension of the EZStepsTM, muscle activity decreased 38 to 68 percent in three of four lower
extremity muscles (gluteus maximus, rectus femoris, and the medial head of the
gastrocnemius). The muscle activity in the other muscle (BF), showed a a .02
percent decrease. During descension, the four muscles showed a 30 to 59
percent decrease in muscle activity with the EZ-StepsTM installed. One would

6

Figure 1. Placement of the EZ-Steps™for the Study.

7

expect similar results to occur in the elderly, however, there are no studies to
substantiate these claims. Therefore, the purpose of this study was to determine
whether there is a difference in lower extremity muscle activity and knee joint
ROM during stair climbing standard steps versus steps installed with EZ-StepsTM
in an elderly population.

METHODS
Chapter 2
Subjects
Four, healthy, male and four, healthy, female elderly (aged 65-89 years)
subjects volunteered for the study (Table 2). Only one of the participants had
prior experience with the use of EZ-StepsTM. Each participant signed a letter of
informed consent (Appendix A) prior to participation in the study. The research
project was approved by the University of North Dakota's Institutional Review
Board (Appendix B).
Table 2. Physical Characteristics of Subjects (n = 8; 4 males, 4 females)
Mean

Range

Standard Deviation

AGE (years)

73.88

65-89

7.53

HEIGHT (inches)

67.38

63-74

3.7

WEIGHT (pounds)

171.00

134-220

25.8

Instrumentation
EZ-StepsTM is a unit comprised of a series of molded steps, interconnected
by an adjustable side railing. They are placed in an existing stairwell alongside
the wall. They are only a few inches wide, so the remainder of the stairwell is
left unadapted for regular use. Because the EZ-Steps™ are adjustable, they can

8

9

be adapted to virtually any stairwell. The bottom surface of each step is
rubberized to prevent slippage of the unit on the stairwell. The EZ-StepsTM used
for this study had a rise of 3.5 inches and a tread of 10.25 inches. The
dimensions of the standard steps was a seven inch rise with a 10.25 inch tread.
Three parameters were measured during the stair climbing trials: 1.) knee
joint ROM using an electrogoniometer, 2.) foot placement on the step measured
by foot-switches and 3.) muscle activity of four lower extremity muscles using
sEMG.
Knee joint ROM was measured by an electrogoniometer (Penny and Giles
M180, Penny and Giles Inc., 2716 Ocean Park Boulevard, Santa Monica, CA,
90405) during the stair climbing trials. The electrogoniometric, foot-switch, and
EMG data were all telemetried using a Noraxon Telemy08 telemetry unit
(Noraxon USA, 13430 North Scottsdale Road, Scottsdale, AZ 85254) and
collected by a Noraxon Telemy08 receiver. The information was and then
digitized by a DT2801-analog to digital interface board installed in a NET 486DX
computer and stored by the Myosoft data collection software that accompanies
the Telemy08 EMG system. Data analysis of the EMG and goniometric data was
then performed using the Norquest software included in the system.
Procedure
An electrogoniometer was used to measure knee joint ROM during the stair
climbing trials. The electrogoniometer was centered over the right lateral knee
joint with the subject standing, knees fully extended and weight equally

10

distributed over both lower extremities. The proximal segment of the goniometer
was secured to the lateral thigh using double-sided adhesive tape. The distal
end was aligned with the proximal segment using a straight edge and it was
adhered to the lateral calf. The extended knee was measured as zero degrees
and the angle approached 180 degrees with progressive knee flexion.
Foot-switches were used to determine foot placement on the step. A series
of four foot-switches were secured to the sale of each participant's right shoe
along the line of the metatarsal heads. The switches are designed to indicate
when the heel, fifth metatarsal head, first metatarsal head, and great toe are in
contact with the supporting surface. However, during stair climbing activities,
the heel does not contact the step. Therefore, placing the switches in the
recommended pattern rendered some of the switches inoperable. Therefore, the
arrangement along the metatarsal heads was applicable to our study since we
were not interested in defining sequential foot placement during stair climbing,
only to determine when the person was either on or off the step.
Surface EMG (sEMG) was utilized to monitor activity in four lower extremity
muscles: gluteus maximus (GM), biceps femoris (SF), rectus femoris (RF), and
the medial head of the gastrocnemius (GS). These muscles have all been
shown to be representative of the lower extremity during stair climbing. 12-14,16
Motor paints for the GM, SF, RF, and GS were located on the right side of each
participant using a hand held electrical stimulator. The skin was prepped with
isopropyl alcohol prior to the application of self-adhesive, paired electrodes

11

(Sensors, EI Paso TX 79913). The electrodes were centered over each motor
point and placed one inch apart. A single ground electrode was located over the
tibial tubercle. Figure 2 illustrates the equipment set-up of one subject.
To establish a baseline of muscle activity, maximal voluntary contractions
(MVC's) were elicited, sustained for five seconds and recorded for each of the
four muscles. The baseline was used to normalize the data. Normalization of
EMG data is necessary for comparisons between subjects. 15 When using
sEMG, the muscle activity recorded by the electrodes is not absolute. 21 ,22
Several factors affect the quality of the signal received by the electrodes. For
example, impedance by subcutaneous tissue located between the electrodes
and the target muscle may alter the amplitude of the signal. Large quantities of
subcutaneous tissue diminishes the signal. Conversely, the signal may be
magnified if little subcutaneous tissue is present or by volume conduction from
adjacent muscles. To normalize the data, the EMG activity is expressed as a
percentage of the EMG activity obtained during the MVC for that muscle. 15, 23-25
To elicit the MVC's for each of the four muscles, the manual muscle testing
procedures described by Daniels and Worthingham 26 were followed. The
recommended positioning for the MVC for the GM and SF was modified because
we were uncertain whether the subjects could assume the prone position. To
isometrically elicit the GM, the subjects assumed a wall push-up position. Using
the wall for support, the subject balanced on the left leg while maximally
extending the right hip against manual resistance, keeping the knee flexed to

12

Figure 2. Equipment set-up for the study.

13

isolate the GM from the hamstring muscle group. The MVC for the BF was
elicited by having the subject seated with the knees flexed to approximately 90
degrees and freely hanging over the edge of the supporting surface. The
subject then resisted manual knee extension, by isometrically holding the knee
in flexion. The MVC for the RF was evoked by having the subject seated with
the leg over the supporting surface and the knee slightly flexed. The subject
then isometrically resisted manual pressure into knee flexion. For the GS, the
subject stood on the right leg with the knee extended and used upper extremity
support to raise the heel off the floor. This isometric contraction was sustained
for five seconds.
Each participant received a short training session for instruction in the
proper use of EZ-StepsTM prior to the stair climbing trials. They were instructed
to angle the feet slightly toward the wall during stair ascension and away from
the wall during descension in order to approximate a reciprocal gait pattern
(Figure 3). Subjects were also instructed to use the hand railing. Participants
were to navigate the standard stairs in their preferred manner. All subjects
chose a reciprocal step-over-step gait pattern. Each participant practiced
stepping in cadence with an audible metronome set at 50 beats per minute on
the standard stairs as well as the EZ-StepsTM. Since muscle activity is affected
by velocity,23,25 this measure was included to ensure that all stair climbing trials
were performed at the same speed.

14

Figure 3. Foot patterning during ascension and descension of the EZ-StepsTM.

15

The experiment consisted of two trials each of ascending and descending
eleven standard steps and two trials each of ascending and descending stairs

with the EZ-StepsTM installed (Figure 4). Therefore, each subject negotiated 22
EZ-StepsTM. Two trials were recorded to ensure attainment of at least one valid
set of data wherein all the collecting devices were working properly.
Data Analysis
Descriptive statistical analysis was used for the electrogoniometric and
EMG data during the stair climbing trials. The Norquest software program
averages the 50 peaks of integrated EMG activity within a time interval specified
by the researcher. For the MVC data, I chose to analyze a two second time
interval within the five seconds obtained, not to include the first or fifth second.
The time interval chosen for the EMG activity during the stair climbing trials was
three successive stepping cycles (defined by the interval between maximal knee
flexion to maximal knee flexion of the right leg), not to include the first or last
step. The original experimental design used the foot-switches to define the
stepping cycle. However, they did not function properly for all the subjects.
Therefore, we chose maximal knee flexion as our alternative method of defining
step cycle to maintain consistent methods for all subjects.
To normalize the data, the average EMG activity obtained for each muscle
during the stair climbing was expressed as a percentage of that individual's MVC
for that muscle. Finally, an average of all the subjects' normalized EMG data for
the standard and EZ-StepsTM trials was calculated. These averages were used

16

Figure 4. Stair climbing trial with the EZ-Steps™ installed.

l7

to compare EMG activity during the negotiation of standard steps to the EMG
activity that occurred during stair climbing with the EZ-StepsTM installed.
The electrogoniometric data was displayed on the computer screen and
scanned with the cursor to display the ROM that occurred throughout the stair
climbing trials. The maximum amount of knee flexion that occurred during each
of three successive stepping cycles (not to include the first or last step) was
identified for both the standard and EZ-StepsTM stair climbing trials. The
maximum knee joint ROM was averaged and a comparison of the maximum
ROM was made between the two stair types.

RESULTS
Chapter 3

All subjects successfully completed the study. A recording error occurred
in one subject's EMG channel for the GS during the MVC. Therefore, all data
gathered from that subject's GS channel was eliminated from the analysis. The
EMG analysis for the GS muscle represents data from the remaining seven
subjects.
EMG Activity
The results indicate that there is a difference in muscle activity between
negotiation of standard steps and steps installed with EZ-StepsTM. The
normalized EMG data obtained from the stair climbing trials is shown in Tables 3
(stair ascension) and 4 (stair descension).
Less average muscle activity was required in all four lower extremity
muscles during both ascension (Figure 5) and descension (Figure 6) with the
EZ-StepsTM installed. With ascension, the results showed an average reduction
of 19 to 59 percent in muscle activity during negotiation of the EZ-StepsTM when
compared to the standard steps (Table 5). Average EMG activity during
descension decreased 11 to 31 percent with the EZ-StepsTM installed (Table 6).

18
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Table 3.

Normalized EMG Data During Stair Ascension
(n = 8, unless represented by *)

';<;Jilteus

-Sfa.ndaH:f' Steps
EZ-Ste,p~™
. .,." . ,.".,.%IIIIM€ ... ,. .,."." . ........ % M'ilC

Percent'i.;'"

240.00
135.98
120.33
149.04
103.61
610.94
376.56
60.19

177.42
95.24
104.46
118.37
82.83
469.53
135.94
51.48

" Difference
Standard
'~" EZ)"'"
(
..
. ..". .
.. . .
...... .
62.58
40.74
15.87
30.67
20.78
141.41
240.62
8.71

4
5
6
7
8

72.38
20.02
31 .72
29.75
18.89
13.57
124.53
24.12

65.86
16.23
39.90
40.30
15.44
8.40
66.67
17.39

6.52
3.79
-8.18
-10.55
3.45
5.17
57.86
6.73

9.01
18.93
-25.79
-35.46
18.26
38.10
46.46
27.90

Subject

1
2
3
4
5
6
7
8

357.37
47.79
138.19
73.47
69.50
103.19
135.16
35.81

1.78
31 .01
121.22
52.10
33.98
73.19
55.47
28.46

355.59
16.78
16.97
21.37
35.52
30.00
79.69
7.35

99.50
35.11
12.28
29.09
51.11
29.07
58.96
20.52

Subject

2
3
4
5
6
7
8

15.15
147.62
17.45
817.86
38.24
185.02
150.74

14.65
105.29
13.02
492.86
20.59
117.07
160.29

0.05
42.33
4.43
325.00
17.65
67.95
-9.55

3.30
28.67
25.39
39.74
46.16
36.73
-6.34

.Mf!iiWL!§
Subject

"'"
1

2
3
4
5
6
7
8

t

. . ~.

":"

Pi(f~terite:.;r,
26.08
29.96
13.19
20.58
20.06
23.15
63.90
14.47

.

Subject

1

2
3

* (n = 7)
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Table 4.

: -:rsJu.teu$ i

Normalized EMG Data During Stair Descension
(n = 8, unless represented by *)
':':~::':':':::-,.

j!ti;?;irni/J - '"
Subject

Subject

Standard'~

Sfeps" ::f::;:i:iEZ"' StepsTM

'n ,y;"/,:o/<"MMe,, " ,,'
1
45.81
2
97.88
3
45.96
4
74.44
5
58.43
6
428.91
7
89.06
8
48.95
1

2
3
4
5

6
7
8

39.52
13.76
11.68
19.56
12.44
10.83
120.75
10.48

"" "" ~6rWVe

iliffereAce

1

2
3
4

5
6
7
8
Subject

2
3
4

5
6
7
8

* (n = 7)

.

..

..

20.00
-6.62
14.76
22.20
5.72
92.97
29.69
17.94

43.66
-6.76
32.11
29.82
9.79
21.68
33.34
36.65

42.92
11.04
17.91
20.29
10.48
5.10
55.35
1.45

-3.40
2.72
-6.23 '
-0.73
1.96
5.73
65.40
9.03

-8.60
19.77
-53.34
-3.73
15.76
52.91
54.16
86.16
. ..

398.58
59.07
142.20
41.83
40.84
66.81
100.73
32.14

418.29
51.44
104.82
35.12
22.64
68.41
41.97
39.13

10.56
81.48
12.34
475.00
93.38
194.08
83.09

12.47
66.14
9.51
435.71
36.03
154.36
44.85

..... -

. '

' .. '

-19.71
7.63
37.38
6.71
18.20
-1.60
58.76
-6.99

'iL

:'

-1.91
15.34
2.83
39.29
57.35
39.72
38.24
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Table 5.

Difference in Normalized EMG Activity Between Standard and
EZ-Steps™ During Ascension (n =8, unless represented by *)
Standard Steps
(avg % MVC)

EZ-Steps'M
(avg % MVC)

Difference
(Standard - EZ)

Percent
Difference

Gluteus Maximus

224.58

154.41

+70.17

31%

Biceps Femoris

41 .87

33.77

+8.10

19%

Rectus Femoris

120.06

49.65

+70.41

59%

Gastrocnemius"

196.01

131.97

+64.04

33%

.. (n

=7)

Table 6.

Difference in Normalized EMG Activity Between Standard and
EZ-StepsTM During Descension (n = 8, unless represented by *)
Standard Steps
(avg % MVC)

EZ-StepsTM
(avg % MVC)

Difference
(Standard - EZ)

Percent
Difference

Gluteus Maximus

111 .18

86.6

+24.58

22%

Biceps Femoris

29.88

20.57

+9.31

31%

Rectus Femoris

110.28

97.73

+12.55

11%

Gastrocnemius"

135.70

108.44

+27.26

20%

.. (n

=7)

Knee jOint ROM
The amount of knee flexion required to negotiate EZ-StepsTM was less than
that needed for the standard steps (Figure 7).

Every subject showed less knee

joint ROM during both ascension and descension of the EZ-Steps™ except for
subject number 5 who showed more knee flexion during ascent of the EZSteps™ (Table 7).
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Table 7.

Average Knee Flexion During Stair Climbing Trials
Standarcf": .. ,"

.Ascert$H5n,

,,i';",,;'(~Jgr~~s-)
Subject 1

98. 50

68.,SCY'·······

5
7

'"

'\..

'

........... .

92.00

'Standard

EZ-StepsTM
Ascension
(degrees)

D,~~.¢e'nsion . '
';rJ'~~~reesl "

EZ-StepsTM
Descension
(degrees)

93.25
55.00
69.00
67.25
72.00
63.75
73.50
57.00

66.50
52.75
66.00
60.00
59.75
55.75
55.75
48.75

The standard steps required an average of 79 degrees of knee flexion
during ascending and 83 degrees during descending (Table 8). Average knee
flexion during stair climbing with the EZ-StepsTM installed was 69 degrees and
58 degrees for ascending and descending respectively (Table 8). This
represents a 12.7 percent decrease in knee flexion during ascension and a 30
percent decrease during descension.

Table 8.

Knee Joint Range of Motion During Stair Climbing Trials (n

Average ROM
(degrees of flexion)
Standard
Deviation

=8)

Standard
Ascent
(degrees)

EZ-StepsTM
Ascent
(degrees)

%
Difference

Standard
Descent
(degrees)

EZ-StepslM
Descent
(degrees)

%
Difference

79

69

12.7%

83

58

30.0%

1.57

2.07

NA

1.14

2.15

NA

DISCUSSION

Chapter 4
EMG Activity
The decrease in muscle activity that occurred with the EZ-Steps™ in my
study is comparable to the trends seen in similar studies. 15.27 The Brask15 study
found that less EMG activity occurred during lateral step-up exercises of a four
inch step compared to that which occurred with an eight inch step. Our results,
however, showed more marked differences in EMG activity between the two stair
heights than did the Brask study. This may be due to the different manner in
which the steps were approached. In the Brask15 study, subjects raised their
body by stepping laterally onto one step (ascending) and then lowered
themselves to the starting position (descending). In this study, subjects
approached the steps in a forward manner during both ascending and
descending, and maneuvered several successive steps.
My results are more comparable in both trend and magnitude to those
obtained in the unpublished work of Mohr (T.M. Mohr, PT, PhD, 1994). Mohr
compared EMG activity between standard and EZ-StepsTM in a young
population. The decrease in EMG activity that occured in my study during both
ascent (19 to 59%) and descent (11 to 31 %) with the decrease in step height are

26

27

similar to those found by Mohr. Mohr found a decrease of 38 to 68 percent in
EMG activity between the two stair types during ascension with the exception of
the SF muscle activity which showed only a 0.02 percent decrease. During
descension, Mohr demonstrated a 30 to 59 percent decrease in muscle activity
with the shorter step.
The decrease in EMG activity that occurred with the smaller step height
may be explained hypothetically by the mechanical principle of work defined by
the following equation.27
Work = Force x Distance
During stair climbing activities, the body's center of mass (COM) is displaced
over a certain distance as the person travels from one step to the other.14
Theoretically, the amount of displacement (distance) should decrease with a
decreased step height. Therefore, according to the equation for work, it would
seem that less work would be required to displace the body's COM a lesser
distance, as would occur with a shorter step height.
Another study investigated EMG activity in the quadriceps with increasing
knee flexion angles during deep knee bending activities. 28 They found that
muscle activity linearly decreased with decreasing knee flexion angles. Since
knee flexion angles decrease with shorter step heights during stair negotiation, it
is expected that less muscle activity would result with a shorter step height.
The relationship between muscle activity and muscle strength remains to
be resolved. There seems to be a correlation between the two, but the

28

relationship is not linear. As muscle activity increases, strength increases.
However, an absolute measure of strength cannot be predicted from a measure
of muscle activity.29
ROM
The amount of knee joint ROM required for navigating standard steps in
this study fell within the range described by previous studies. Andriachi et al

16

reported that 73.4 degrees of knee flexion occurred during ascension and 81 .6
degrees occurred with descension of an 8.2-inch step. The slope of the stairs
was 38 degrees and the subjects ranged in height from 66 to 77.2 inches. This
was less than the ROM required for stair negotiation in our study.
Two additional studies, however, showed greater knee flexion values than
those demonstrated in our study. Laubenthal 12 et al reported that 83 degrees of
knee flexion was required to ascend steps with a seven inch rise and a slope of
32 degrees, while 84 degrees of knee flexion was required for descension. The
greatest knee flexion values noted in the literature were reported in a study by
Livingston et al.

17

The stairs most closely related to the steps in our study had a

rise of 8.12 inches and a slope of 38 degrees. They found that 101 degrees of
knee flexion was required to ascend the steps in the medium height group and
96 degrees of knee flexion was required for the tall group. During descension,
103 degrees of knee flexion occurred in the medium group and 96 degrees
occurred in the tall group. Because of the slight variations in subject height and

29

stair dimensions uS,ed in these studies, differences in knee joint ROM are to be
expected.
During stair ascension, the hip and knee flex in order to raise the body onto
the subsequent step during stair climbing. 14 Once the foot is placed on the step,
the hip and knee extend to lift the body and advance it to the next step. During
descension, the knee progressively flexes to lower the body to the subsequent
step. Biomechanically, it is theorized that taller subjects would require less knee
flexion to clear the step during ascension, and less to reach the lower step
during descension. This theory is supported by Livingston 17 who found
decreasing knee flexion angles with increasing subject height. Shinno18 reported
decreasing knee flexion angles with increases in lower extremity length. Our
study, however, showed a variable relationship between subject height and knee
joint ROM (Figure 8).
The subjects in this study did not have limitations in knee joint ROM.
Therefore, they may have overcompensated with greater knee flexion than
necessary to ensure foot clearance during the swing phase of the stepping
cycle. This may be due to sensory loss and impairments in proprioception that
occur with the aging process14 or it may have resulted from habits formed by
past experiences with standard stair heights. It is hypothesized that motor
engrams are stored in memory for every motor task we perform. 30 These
engrams are created through our former movement experiences. Knee joint
ROM may be part of the engram for stair climbing. Individuals may continue to
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utilize the motor engram when negotiating stairs, regardless of altered stair
dimensions. It may take several trial periods to alter the existing engram to
recruit the most efficient patterning of muscle activity and limb positioning to
complete the task. The subjects in this study may not have experienced enough
trials to reform the motor engram for stair climbing steps with a shorter rise, so
may have overcompensated during the stair climbing trials.
It was not possible to control for overcompensation of the EZ-StepsTM in
this study. Studies that compare negotiation of the EZ-Steps™ in trained and
untrained subjects would be beneficial in identifying learning factors that may
occur with the use of EZ-StepsTM. This study utilized subjects who were capable
of independent stair negotiation. Further studies are needed to determine
whether decreasing the obligatory ROM and muscle activity do make stairs
accessible for individuals lacking this ability.

CLINICAL IMPLICATIONS
Chapter 5

Stairs are prevalent architectural barriers that limit the independent
functioning of the elderly. The need exists for inexpensive, uncomplicated stair
modifications that make stairs more accessible for the older population. The
installation of EZ-StepsTM is simple, and may be a temporary or permanent
modification that allows the remainder of the stairwell to be accessible for people
who do not require modifications. The modification may allow individuals to
continue their rehabilitation process at home, while remaining functional within
the home. EZ-StepsTM require less knee joint ROM and muscle activity when
compared to standard steps. Therefore, EZ-Steps™ may be a beneficial
alternative for elderly individuals with temporary or chronic limitations in strength
and knee joint ROM who experience difficulty with stair climbing activities.
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1
INFORMATION AND CONSENT FORM
TITLE:

An Electromyographic Study of Stair Climbing With and Without the Use
of Care- Stairs.

You are being invited to participate in a study conducted by Thomas Mohr, a Professor
in the Physical Therapy Department at the University of North Dakota. The purpose of
this study is to compare muscle activity in your lower extremity while you are climbing
stairs. You will be asked to climb normal stairs and stairs fitted with a device which is
designed to make stair climbing easier. We hope to learn if, in fact, this device does
help make stair climbing easier for you.
You will be asked to climb two sets of stairs. Each set of stairs will consist of five steps
up and then five steps down. One set of stairs will be of normal height, similar to the
stairs you might find in your home. The other set of stairs will be equipped with a
device called Care-Stairs which decreases the height of each step.
The study will take approximately one hour of your time. You will be asked to report to
the Physical Therapy Department at the University of North Dakota (Room 140 Medical
Science North Unit) at an assigned time. You will then be asked to change into gym
shorts for the experiment. We will first record your age, gender, height and weight.
During the experiment, we will be recording the amount of muscle activity you have
when you climb the stairs, and we will also measure the amount of movement that
occurs in your knee and hip joints.
In order for us to record the muscle activity, we will be placing four sets of electrodes on
your lower extremity. Before we can apply the electrodes, we will use a small
stimulator to electrically stimulate the muscles to locate the best spot to place the
electrodes. The stimulator will cause a mild tingling sensation. The recording
electrodes are attached to the surface of the skin with an adhesive material. We will
also attach a measuring device to your knee with adhesive material. We will also place
small switches inside your shoe. None of these electrodes or devices penetrate the
skin, and they should cause no discomfort. These devices only record information from
your muscles and joints, they do not stimulate the skin. After we get the electrodes
attached, we will give you a brief training session to teach you how to use the stairs;
and how to climb the stairs in time with a metronome sound.
For the actual experiment you will be asked to climb a set of stairs (either with or
without the Care-Stairs installed). Following that you will be given a rest period. You
will then climb another set of stairs, followed by a rest period. We anticipate that the
experimental session will last about one hour total.

2
Although the process of physical performance testing always involves some degree of
risk, the investigator in this study feels that the risk of injury or discomfort is minimal.
The electrical stimulation used to find the electrode placement causes only minimal
discomfort, and the electrodes used to monitor the muscle activity and movement
should cause no discomfort what so ever. The number of steps you will be asked to
climb is minimal compared to what you might expect to climb in your home.
Your name will not be used in any reports of the results of this study. Any information
that is obtained in connection with this study and that can be identified with you will
remain confidential and will be disclosed only with your permission. The data will be
identified by a number known only by the investigator. Your decision whether or not to
participate will not prejudice your future relationship with the Physical Therapy
Department or the University of North Dakota. If you decide to participate, you are free
to discontinue participation at any time without prejudice.
The investigator involved is available to answer any questions you have concerning this
study. In addition, you are encouraged to ask any questions concerning this study that
you may have in the future. Questions may be asked by calling Dr. Thomas Mohr at
701-777-2831. A copy of this consent form is available to all participants in the study.
In the event that this research activity results in a physical injury, medical treatment will
be available, including first aid, emergency treatment, and follow up care as it is to a
member of the general public in similar circumstances. Payment for any such
treatment must be provided by you and your third party payor, if any.
ALL OF MY QUESTIONS HAVE BEEN ANSWERED AND I AM ENCOURAGED TO
ASK ANY QUESTIONS THAT I MAY HAVE CONCERNING THIS STUDY IN THE
FUTURE. MY SIGNATURE INDICATES THAT, HAVING READ THE ABOVE
INFORMATION, I HAVE DECIDED TO PARTICIPATE IN THE RESEARCH
PROJECT.
I have read all of the above and willingly agree to participate in this study explained to
meby ____________________________________________________

Participant's Signature

Date

Witness (not the scientist)

Date
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LEXPEDITED REVIEW REQUESTED UNDER ITEM
(NUMBER[S]) OF HHS REGULATIONS
_EXEMPT REVIEW REQUESTED UNDER ITEM _ _ (NUMBER[S]) OF HHS REGULATIONS

UNIVERSITY OF NORTH DAKOTA
HUMAN SUBJECTS REVIEW FORM
FOR NEW PROJECTS OR PROCEDURAL REVISIONS TO APPROVED
PROJECTS INVOLVING HUMAN SUBJECTS
PRINCIPAL
INVESTIGATOR:

Thomas M. Mohr & Staci Fethkenher

ADDRESS TO WHICH NOTICE OF APPROVAL SHOULD BE SENT:
SCHOOUCOLLEGE:

Medicine

DEPARTMENT:

TELEPHONE:

777-2831

DATE:

1-18-95

P.O. Box 9037, University of North Dakota

Physical Therapy

PROPOSED PROJECT DATES:

2/95-2/96

PROJECT TITLE: An Electromyographic Study of Stair Climbing With and Without the Use of Care-Stairs
FUNDINGAGENCIESpFAPPUCABLE): _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
rYPE OF PROJECT:

DISSERTATION OR

L

NEW PROJECT

_

CHANGE IN PROCEDURE FOR A PREVIOUSLY APPROVED PROJECT

CONTINUATION

RENEWAL

JISSERTATIONfTHESIS ADVISER, OR STUDENT ADVISER:
)ROPOSED PROJECT: _INVOLVES NEW DRUGS (IND)

THESIS RESEARCH

L

STUDENT RESEARCH PROJECT

Thomas Mohr
INVOLVES NON-APPROVED USE OF DRUG

INVOLVES A COOPERATING
INSTITUTION

F ANY OF YOUR SUBJECTS FALL IN ANY OF THE FOLLOWING CLASSIFICATIONS, PLEASE INDICATE THE CLASSIFICATION(S):
_ MINORS «18 YEARS)
PRISONERS

_ PREGNANT WOMEN
ABORTUSES

_

_ MENTALLY DISABLED

FETUSES

MENTALLY RETARDED

UND STUDENTS (>18 YEARS)

F YOUR PROJECT INVOLVES ANY HUMAN TISSUE, BODY FLUIDS, PATHOLOGICAL SPECIMENS, DONATED ORGANS, FETAL MATERIAL, OR
'LACENTAL MATERIALS, CHECK HERE _

I. ABSTRACT:

(LIMIT TO 200 WORDS OR LESS AND INCLUDE JUSTIFICATION OR NECESSITY FOR
USING HUMAN SUBJECTS).

rwo of the biggest threats to elderly people are physical frailty and fall-related injuries. Physical
railty increases the risk of falls and decreases the ability for independent living. Research indicates
hat stair climbing is much more difficult for elderly patients than is ambulation on level surfaces.
~onditions which cause lower extremity muscle weakness or loss of motion greatly restricts the use
If stairs for these patients. Because stair climbing is such a significant problem, a device which
acilitates stair-climbing would be very useful to patients who have difficulty climbing stairs. One such
Iroduct, called Care-Stairs, is now being developed by a small, North Dakota Corporation. The
;are-Stairs device fits on normal stairs and effectively decreases the rise of the steps by one-half. It
Ifould be anticipated that the decrease in stair height would decrease both the knee range of motion
Ind muscle activity required to accomplish the stair climbing tasks. In a previous study we found that
loth the electromyographic (EMG) activity and the range of motion were less with the Care-Stairs
lstalled. That study, however, was performed on young, healthy subjects. Since this product is
limed at the elderly individual, there is a need to study that population. Therefore, the purpose of
lis project is twofold: 1) to measure hip and knee range of motion during stair climbing, and 2) to
leasure the electromographic activity in selected lower extremity muscles during stair climbing with
lnd without the use of the Care-Stairs device. The information gained from this study will be used for

2
development of this product. Because this product is designed for use by persons who have difficulty
climbing stairs, it is necessary to evaluate this device with the use of human subjects.
PLEASE NOTE: ONLY INFORMATION PERTINENT TO YOUR REQUEST TO UTILIZE HUMAN SUBJECTS IN YOUR
PROJECT OR ACTIVITY SHOULD BE INCLUDED ON THIS FORM. WHERE APPROPRIATE ATTACH SECTIONS
FROM YOUR PROPOSAL (IF SEEKING OUTSIDE FUNDING).

2. PROTOCOL: (DESCRIBE PROCEDURES TO WHICH HUMANS WILL BE SUBJECTED. USE ADDITIONAL
PAGES IF NECESSARY.)

SUBJECTS:
It is anticipated that we will recruit 10 to 15 male and female, well, elderly individuals. It is anticipated
that the ages of the subjects will range from 65 years to 90 years. These subjects must be
ambulatory on level surfaces with or without assistive aids. The subjects will be recruited as
volunteer subjects.
METHOD:
We will measure electromyographic activity in four lower extremity muscles, along with hip and knee
range of motion during the stair climbing activity. We propose to measure EMG activity in the
following muscles during the stair climbing activity: 1) gluteus maxim us 2) rectus femoris, 3) biceps
femoris, and 4) gastrocnemius. These muscles have been shown to be representative of lower
3xtremity muscle activity during stair climbing in previous studies performed by us on younger
mbjects.
ro record the EMG activity, surface electrodes will be placed over the motor points of each of the
nuscles to be studied. The EMG signals will be transmitted to the receiver unit (Noraxon Telemyo 8)
md then fed into a computer for display and recording of the data. Prior to beginning their
~xperimental trial, each subject will be asked to perform a maximal voluntary contraction (MVC) of
~ach monitored muscle. The activity recorded during the MVC will be considered as a 100% EMG
!ctivity level to which the EMG activity during the stair climbing can be compared. This procedure is
jone to normalize the EMG data for later analysis.
~n electrogoniometer (Penny & Giles Model 180) will be used to measure the hip and knee range of

notion during the stair climbing activity. The electrogoniometers will be attached to the thigh and leg
lbove and below the knee joint, and on the pelvis and thigh for the hip joint using double sided
ldhesive tape. This will allow measurement of hip and knee flexion during the stair climbing activity.
-he electrogoniometers will be calibrated prior to beginning the experimental trials to assure
lccuracy of measurement.
~our footswitches will be taped to the foot. The switches will be set to close during heel strike, foot

Jat and toe off during the stepping activity. The voltage outputs will be registered during the time the
:)[efoot is on the step. This will allow us to correlate the EMG data with the stance and swing
Ihases of the stair climbing activity.
'rior to the trials, each subject's age, height and weight will be recorded. During the experimental
"ials, the right lower extremity will be used for data collection. Before beginning the experiment,
!ach of the subjects will be given a short training session on the proper use of the Care-Stairs

3
device, following the instructions set out by the manufacturer. In addition, each subject will be taught
to step in time with an audible metronome that will be used to pace the subject during the stair
climbing. This will be done to assure consistency of movement, since EMG activity is somewhat
velocity dependent.
For the actual experiment, each subject will be fitted with the electrogoniometer device and the foot
switch apparatus. The skin of the lower extremity of each subject will be prepared by cleansing the
skin with alcohol before attachment of the EMG electrodes. The electrodes will be filled with
conductive gel and attached to the skin, over the motor point, with adhesive. The subject will then be
3sked to elicit a MVC of each of the monitored muscles which will be recorded on the computer as a
"eference level voltage. The subject will be seated and given a five minute rest period before the
,tair climbing procedure.
rhe actual experiment will consist of two stair climbing trials, one with the Care-Stairs installed and
me without the Care-Stairs. The order of the trials will be determined using a random assignment
)rior to the beginning of the experiment. The stairs to be used will be specially constructed
:onsisting of five steps up and five steps down.
~or

the first trial, each subject will be asked to ascend and descend the stairs in time with the
netronome, during which time the EMG, goniometry and foot switch data will be collected and
9corded. Following that they will be seated and given a ten minute rest period. They will then
erform the second stair climbing trial. The subject will then be given a rest period while the
lectrodes, electrogoniometer and foot switch devices are removed.
lescriptive statistics describing the subject's anthropometric profiles will be provided. Statistical
nalysis will be performed on the integrated EMG activity during the two stepping trials. The EMG
ata collected during the experimental trials will be expressed as a percentage of the EMG activity
!corded during the MVC prior to the experimental trials (Le. normalized). At this time it is
nticipated that we will use analysis of variance (ANOVA) to measure differences in the integrated
MG data collected from the two experimental trials. The electrogoniometry data will be analyzed
ld descriptive statistics will be applied to describe the range of motion changes that took place in
e knee joint during the two trials. We will also use ANOVA procedures to test for significant
fferences in the maximal range of motion changes that occured during the two trials.

4

3.

BENEFITS: (Describe the benefits to the individual or society.)

The results of this study will help us determine if the device being tested will aid individuals who
have difficulty climbing stairs. At the present time there is very little available research data on
the device, and therefore its use by patients is extremely limited. If this device is determined to
decrease the amount of muscle activity and/or range of motion needed to climb stairs, it could
become a very useful device for home use by patients. The retention of stair climbing ability
frequently ensures that the patient can live independently in their home for a longer period, and
avoid institutionalization. Loss of independent living by patients usually comes at a higher cost
for either the patient or third party payors. If the device proves to be beneficial, it could become
a very well accepted and needed piece of durable medical equipment.

4.

RISKS: (DESCRIBE THE RISKS TO THE SUBJECT AND PRECAUTIONS THAT WILL BE TAKEN TO MINIMIZE
THEM. THE CONCEPT OF RISK GOES BEYOND PHYSICAL RISK AND INCLUDES RISKS TO THE SUBJECrS
DIGNITY AND SELF·RESPECT, AS WELL AS PSYCHO·LOGICAL, EMOTIONAL OR BEHAVIORAL RISK. IF
DATA ARE COLLECTED WHICH COULD PROVE HARMFUL OR EMBARRASSING TO THE SUBJECT IF
ASSOCIATED WITH HIM OR HER, THEN DESCRIBE THE METHODS TO BE USED TO INSURE THE
CONFIDENTIALITY OF DATA OBTAINED,INCLUDING PLANS FOR FINAL DISPOSITION OR DESTRUCTION,
DEBRIEFING PROCEDURES, ETC.)

The risks to the subjects in this experiment will be minimal. Stair climbing is a functional goal for
these subjects, and the number of stairs they will have to climb is minimal. Therefore, this
exercise should not cause any post-exercise discomfort. During the course of the experiment,
they will be required to wear an ambulation belt and will be accompanied on the stairs by an
assistant. There will also be a railing on the stairs for them to use. The EMG and
electrogoniometer equipment causes no discomfort to the patient, since they are both used only
as monitoring devices. The subjects will be asked to wear gym shorts for the experiment, and
every effort will be taken to prevent any loss of dignity for the subject during the course of the
experiment. It is anticipated that the experimental trials will be conducted in the Physical
Therapy Department at the University of North Dakota.
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5.

CONSENT FORM: A COPY OF THE CONSENT FORM TO BE SIGNED BY THE SUBJECT (IF APPLICABLE)
AND/OR ANY STATEMENT TO BE READ TO THE SUBJECT SHOULD BE ATTACHED TO THIS FORM. IF NO
CONSENT FORM IS TO BE USED, DOCUMENT THE PROCEDURES TO BE USED TO ASSURE THAT
INFRINGEMENT UPON THE SUBJECTS RIGHTS WILL NOT OCCUR.
DESCRIBE WHERE SIGNED CONSENT FORMS WILL BE KEPT AND FOR WHAT PERIOD OF TIME.

The consent forms will be kept by Thomas Mohr in the Department of Physical Therapy, Room
149, Medical Science North for a period of two (2) years. A copy of the consent form is attached.
5.

For FULL IRS REVIEW forward a signed original and thirteen (13) copies of this completed form , and
where applicable, thirteen (13) copies of the proposed consent form , questionnaires, etc. and any
supporting documentation to:
Office of Research & Program Development
University of North Dakota
Box 8138, University Station
Grand Forks, North Dakota 58202
On campus, mail to: Office of Research & Program Development, Box 134, or drop it off at Room 101
Twamley Hall.
For EXEMPT or EXPEDITED REVIEW forward a signed original and a copy of the consent form ,
questionnaires, etc. and any supporting documentation to one of the addresses above.

rhe policies and procedures on Use of Human Subjects of the University of North Dakota apply to all activities
nvolving use of Human Subjects performed by personnel conducting such activities under the auspices of the
Jniversity. No activities are to be initiated without prior review and approval as prescribed by the University's
)olicies and procedures governing the use of human subjects.
;JGNATURES:
DATE: ______________
)rincipal Investigator
DATE: _____________
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